Positive Matrix Factorization receptor model developed by the United States Environmental Protection Agency known as EPA PMF receptor model and reconstructed mass model were applied to air pollution data collected over Ibadan south west Nigeria. The essence was to determine the source profiles responsible for the high pollution level of Ibadan and to compare the sources resolved by these two methods. Particulate matter load was sampled over Ibadan, southwest Nigeria with the aid of low volume Gent air sampler, equipped with the Norwegian Institute for Air Research (NILU) Stacked Filter Unit (SFU). Two separate 47-mm nuclepore filters were mounted on the SFU to collect both fine and coarse particulates separately. Trace elements were determined using instrumental neutron activation analysis (INAA) and energy dispersive x-ray fluorescence (EDXRF) spectrometry. Five factors were resolved each for both fine and coarse fractions using EPA PMF. For the fine fraction, soil dust, vehicular emission, oil combustion, open burning and copper-rich source were the major sources of fine particulates over Ibadan city contributing 42, 16, 10, 22 and 10% respectively to the total aerosol loading over Ibadan. Vehicular emission, continental soil, sea salt, locally generated dust and copper-rich source were the sources identified for the coarse particulates. These contributed 7, 49, 13, 23 and 8% respectively. It was observed that emission from open burning was very high (22%), being the second largest contributor to the fine particulates. Reconstructed mass model showed good agreement with PMF in implicating soil dust as the major contributor of airborne pollutants over Ibadan. There was good correlation 2 between the reconstructed mass and the measured mass with r values of 0.87 and 0.98 for fine and coarse particulates respectively. The result of this work showed that re-suspended soil particulates were the major constituents of airborne particulate matter over Ibadan, with over 70 % contribution to the coarse mass and over 40 % contribution to the fine mass. 
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INTRODUCTION
Airborne particulate pollutants especially the fine fraction, have been linked to various health issues ranging from hospital admission to cardiovascular diseases (Pope et al., 2002; Almeida et al. 2014a ).
To reduce the health risk associated with suspended particulates, the knowledge of the sources and sinks of these pollutants is highly needed; source profiles must be studied and quantified. This will enable the relevant body establish necessary policy with a view to nip the problem in the bud.
One of the ways by which this can be achieved is by carrying out emission inventories of all polluting sources, which is usually very expensive to carry out. Alternatively, factor analysis models are applied to measured pollutants' concentrations at receptor sites in order to provide information on the possible sources. Such models include principal component analysis (PCA) and multilinear regression analysis (MLRA). However, the presence of negative loadings for certain species is a major limitation to the use of some of these models (Lee et al., 1999) . A better approach is the use of PMF receptor model with a built-in non negativity of factors to identify various sources of particulate pollutant. The output of the PMF receptor model gives the source profiles and factor contribution to species. The model achieved this by carrying out the multilinear regression of the input matrix. PMF does not rely only on information from the correlation matrix but also carries out a point by point least squares minimization scheme which produces a better result. Identification of each factor is then based on the knowledge of different sources emitting those pollutants.
Identification of source profiles can also be done using calculations of pseudo elemental and composite variables which add up to give the reconstructed mass (RCM). Calculation of composite variables are necessary because the detected elements would not add up to the measured PM mass since the detected elements are thought of as not existing in isolation but in compound form. But when the contributions of these compounds are calculated, we have the reconstructed mass (RCM). It has been established by many researchers that the RCM correlates well with the PM mass (Cohen, 1999) .
2.5
This work however goes further to find the correlation between the RCM and the coarse fraction. Rees et al. (2004) investigated the difference between the RCM and the PM mass measurement and established that the difference was due to the presence of moisture and volatilization.
Ibadan as one of the major cities located in southwestern part of Nigeria has been reported to have elevated level of suspended particulates (Akinlade, et al, 2015) . The authors established that these particulates were both of natural and anthropogenic sources. Probable natural sources include road dust re-suspension as many roads remained unpaved and the volume of cars plying the roads are very high due to poor public transport system in the country. Earlier work done on air pollution study of Ibadan is very few and that is why this work is very important in providing baseline data for future work in the city. The essence of this work is therefore to identify and quantify various sources of particulate pollutants in Ibadan, southwestern Nigeria using PMF and reconstructed mass model for both the fine and coarse fractions of PM.
MATERIALS AND METHODS

Site Description
The study area has a geographical location of longitude 3.5° E and latitude 7.2° N with an average altitude of 200 m above mean sea level. Aperin was rated as one of the high population density areas of Ibadan metropolis (Kayode, et al 2011) . The description of the sites is presented in Table 1 . (Akinlade et al., 2015) . The flow rates of the samplers were between 15 and 16 L/min and the sampling period was at least eight hours in each location.
The samplings were done once every month at each location from July 2013 to February 2014, and also between March and June, 2015 covering all the months of the year. From the twelve months sampling, a total of 142 samples were obtained for both the coarse and fine particulate matter because due to logistic problem, sampling was done for only one hour in one of the locations in July, 2013 and because the sampling period did not conform with acceptable standard, the two samples were not included in the analysis.
Chemical Analysis
To allow for detection of more elements with good accuracies, elemental characterization was carried out using two analytical techniques; x-ray f luorescence (XRF) spectrometr y and instrumental neutron activation analysis (INAA). Black carbon analysis was carried out using a dualwavelength optical transmissometer data acquisition system from Magee Scientific. Both XRF and black carbon facilities were accessed at the Centre for Air Resources Engineering and Science, Clarkson University, Potsdam, NY, USA.
Details of the two facilities have also been reported (Akinlade et al, 2015) . The calibration (XRF) was done using reference material (SRM 2783); the results were compared with the certified values of elemental concentrations of the reference material.
For elemental characterization using INAA with the k methodology, weighed filter halves were 0 rolled up and put in aluminum foil before irradiation. Samples wrapped with aluminum foil were arranged in irradiation containers with Au monitors (Al -0.1 % Au alloy, thickness: 125 µm; diameter: 5 mm) placed at bottom and top of the containers to serve as comparators for monitoring the neutron flux. Standard reference material, NIST SRM-1633a coal fly ash (CFA) was also prepared as one of the samples to check and ascertain the quality of the results produced (Almeida et al., 2014b ). The irradiation container was then put in a polythene bag for irradiation.
Irradiations were done in a pool-type reactor at the Portuguese Research Reactor (nominal power 1 MW) located at Campus Tecnológico e Nuclear, Instituto Superior Técnico, Universidade de Lisboa. The samples and reference material together with the Au monitors were irradiated for 5 hours on Cell 55 with thermal neutron flux of 13 -2 -1 about 1.2 X 10 cm s . At the end of each irradiation, the capsule was returned from the reactor and allowed to decay until the activity level (count rate) was within the acceptable limit for handling (usually 2 to 3 days after irradiation). The samples together with the comparators and the reference material were then unpacked and put in separate containers for counting using a high purity calibrated hyper pure Ge (HPGe) detector. Countings were done for 7-12 hours, 2-3 days after the irradiation for the measurement of medium lived radionuclides and after 4 weeks for the long lived radionuclides' assessment. (Paatero and Tapper, 1994) . While this allowed the model to run without a missing value, the high uncertainty value attached to the median concentration values made the model pay little or no attention to the concentration value.
Conditional Probability Function (CPF) CPF (Ashbaugh, et al., 1985) was used to analyze point source impacts from different wind directions using the source contribution estimates from PMF analysis. Wind speed and direction data was obtained from the nearest meteorological station located at the Ibadan international airport. The CPF estimates the probability that a given source contribution from a given wind direction will exceed a predetermined threshold criterion. The same daily contribution was assigned to each hour of a given day to match the hourly wind data. The CPF is defined as (1) where m is the number of occurrence from wind Δθ sector Δθ that exceeded the threshold criterion, and n is the total number of data from the same Δθ wind sector. In this work, 32 sectors were used (Δθ -1 = 11.25). Calm wind (<1 ms ) periods were excluded from the analysis due to the isotropic behavior of wind vane under calm winds. From tests with several different percentiles of the fractional contribution from each source, a threshold criterion of the upper 25 percentiles was chosen to define the directionality of the sources. The sources are likely to be located in the directions that have high conditional probability values.
Reconstructed mass (RCM) variables Elemental characterization of PM provides the basis for determining the fingerprints of possible sources of the PM. The combinations of some selected elements were used for estimating the composite variables, which represent the form in which the measured elements existed. Reconstructed mass variables include ammonium sulphate, soil, sea salt, black carbon, organic matter and smoke. RCM is therefore expected to be the addition of the variables.
Smoke is a product of combustion of fuels. It is an unwanted by-product of fire including those from stoves, candles, oil lamps and fireplaces (Begum et al., 2011) . Potassium is an acceptable fingerprint element for smoke although it is also associated with sea salt and sedimentary rock. The relation for smoke is obtained by subtracting the contributions of sea salt and rocks from the total potassium (Weast and Astle, 1982) . In this work, this equation was investigated for both fine and coarse fractions of the PM. Since both the BC and smoke are associated with fuel combustion, it is expected that the two should correlate well. However, we observed that no correlation existed between the composite variable smoke and the BC. There was also no significant correlation between the fine fraction K and BC, suggesting that the equation may need further modification for this tropical location. The contribution of smoke to the fine PM was observed to be much less than 1%, while the equation gave a negative contribution to the coarse PM. As a result, smoke was dropped from the RCM equation
Organic matter is calculated from organic carbon but because organic carbon was not analyzed in this work, organic matter is also left out of the equation. Black carbon was directly determined with the aid of a Dual-Wavelength Optical Transmissometer. The remaining parameters to be determined are therefore ammonium sulphate, sea salt and soil.
Ammonium Sulphate Airborne sulphur is usually produced as SO gas, 2 which readily converts to sulphate ions under normal atmospheric conditions. The sulphate ions can exist in the atmosphere as sulphuric acid (H SO ) producing acid rain or be partially assume that sulphur occurs in the atmosphere in one of these three forms, then clearly, the sulphur concentrations can be used to estimate the concentration of any of these sulphate species from the following relations (Malm et al., 1994) :
4 2 4
for remote, urban sites at 100% neutralization,
4 4
for urban, industrial sites at 50% neutralization,
for heavy industrial sites and Arctic region at 0% neutralization (no NH ).
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In this work, a 100% neutralization condition is assumed so that the pseudo element ammonium sulphate is derived from Equation (2). The constants on the RHS of the equations are called the multiplicative molar correction factor (MCF). This was determined by accounting for the total molar weight (W ) of sulphate specie and then m dividing it by the molar weight of sulphur. For example, the MCF in Eq. (2) was obtained thus:
Sea Salt Sea salt is mainly composed of sodium (32% by weight) and chlorine (58%) with minor components of Mg, S, Ca, K and Br (Weast and Astle, 1982) . The pseudo element representative of sea salt is expressed as a multiple of the measured sodium concentration:
This equation assumes that the total sodium in the aerosol is associated with sea salt as sodium chloride, although sodium oxide of about 1% is present in the soil. Chlorine is not used as sea salt indicator due to its volatilization from the filters and because the additives in petrol are also a significant source of chlorine (White, 2008) .
Soil Composite
For soil, the equation is based on the composition of sedimentary rocks (Pettijohn, 1963 decreasing order of abundance. Since soil is formed from these rocks, it is assumed that the oxides are also present in the soil. Amongst these elements, Si, Al, Ca, Fe, K and Ti are chosen for the soil equation. The factors converting the elements to their respective oxides are determined by the ratios of the oxides to the elements: 
RESULTS AND DISCUSSION The distributions of scaled residuals of some selected species showed that, on the average, about 95 % of the scaled residuals estimated by PMF were distributed between -3 and +3 for both the fine and coarse fractions. The reliability of the resolved factors was further established by the 2 high correlation coefficients (r ) between the PMF predicted PM and the measured PM for both fractions (Figures 2 and 3 ). For the fine fraction, 2 r =0.84 while it was 0.96 for the coarse fraction. The lower r value for the fine fraction could be due to the unmeasured mass fraction which was higher for the fine fraction. Enclosed in the parentheses are the percentages of the species being contributed to the factor. The fingerprint elements for Vehicular emission according to Tiwari et al. (2013) are Zn, Ni, Pb, V, and BC. Begum et al. (2006) noted that vehicular emission factor can be identified by high loadings for BC. This factor was identified as vehicular emission. Zinc is characteristic of lubricating oil combustion; especially in the two stroke engine mixing oil with the fuel (Begum et al., 2006) . It is an additive in lubricating oil, and in old vehicles, the piston consumes higher level of lubricating oil with the fuel thus emitting Zn (Begum et al., 2009) . Zinc is also associated with mechanical abrasion of tires (Calvo et al., 2013; Almeida et al, 2013) . Although there is a claim that leaded fuel is no longer in use, yet, Pb contributed about 60 % of its concentration to this factor. This could be due to tear and wear from tires. On the average, vehicular emission contributed about 16 % to the PM load.
2.5 Figure 6 shows the pollution rose for all the resolved factors at different locations for the fine fraction. Generally, the results show that the local winds were predominantly south-westerly. This is consistent with the result of the back trajectory analysis (not presented in this work). The vehicular emissions sources were directed from the roads. The second factor is characterised by high loading in V (40 %), Cr (85 %) and Sr (55 %). Other contributors are Mn (22 %), Fe (18 %) and As (12 %). These elements have been identified as fingerprints for oil combustion (Calvo et al., 2013) which is characteristic of industrial emission (Coutant et al., 2003) . This is depicted in Figure 5 , where emission from oil combustion was more pronounced at Oluyole. Oluyole is an industrial estate, and the combustion of oil may probably be from power generation as a result of shortage of electricity supply from the national grid. This factor was observed to contribute only to the fine fraction. The contribution of oil combustion to the fine PM load was about 10 %.
The third factor is majorly made up of Cu (92 %) with moderate contributions from As (26 %), Br (22 %), Ni (15 %) and Zn (15 %). It has been established that Cu and Ni are the primary emissions from welding processes (USEPA, 1994) . Both the base and the filler metals used during welding processes contain Cu. Zinc oxide fume is also produced during the welding of galvanized plate, while Nickel is present mainly in stainless steel. In Nigeria, the business of welding is so common that there is hardly a neighbourhood without welding activity. Although emission of Cu at UI site was the least, yet, Figure 5 shows that there was a spike at this site in August 2013. The probable reason could be due to the reconstruction of the zoological garden about 20 m away from the sampling site. The construction work involved the welding of Figure 6 : Pollution rose using conditional probability function for the fine fraction ferrous metals. Welding involving these materials is strongly suspected to have led to the emission of the said metals which impacted the reception site. The contribution of this factor to fine fraction is 10 %.
The fourth factor has elemental specie contributions from S (52 %), K (31 %), Rb (47 %), Zn (23 %), Pb (39 %) and BC (33 %). Lead, Zn and K are strong fingerprints for refuse burning (Calvo et al., 2013) . The high correlation observed between Pb and Zn indicated a common source which is refuse burning. The Pb might be from hazardous wastes such as used batteries and electronics, while the Zn could be from metallic wastes. Since municipal solid waste is an heterogeneous fuel, other implicated elements must have been from various dumped materials. This factor was only observed in the fine fraction and represented the second largest contributing factor to the fine PM which was 22 %. Figure 6 shows that emissions from refuse burning were obviously directed from the dumping sites (pyramids). About 20 dumping sites were located within Ibadan metropolis (Odunaike et al., 2008) .
The major elemental species that contributed to the fifth factor are Na (35 %), Mg (84 %), Al (84 %), Si (87 %), Ca (79 %), Ti (81 %), Fe (76 %), K (58 %) and Mn (63 %) for the fine fraction. High correlations existed between some of these elements, indicating a common origin in soil (Calvo et al., 2013) . It has also been shown that these elements were not enriched in relation to soil (Akinlade et al., 2015) . The average contribution of soil to PM was 42 %, representing the largest 2.5 contributing factor. Many reasons can be attributed to this high contribution; the obvious ones being advected dust and road dust resuspension. Figure 5 shows that the effect of this was higher during the dry months for all the sites. This is partly due to the Harmattan dust haze and partly due to the dryness of land surfaces that enhanced dust re-suspension as a result of vehicular movement, especially when the roads are unpaved. The contribution of this factor was particularly high for Oluyole site because the roads were unpaved as at the time of sampling. The presence of some anthropogenic elements in this factor suggests that the source was local, and thus labeled as locally generated soil.
Source Profiles for PM 2.5-10
Figures 7 and 8 show the five factors resolved by the PMF for the coarse fraction. The factors are continental soil, sea salt, copper-rich source, locally generated soil and vehicular emission. species contributing to the first factor in the coarse fraction were Pb (39 %), Ni (40 %), Zn (45 %), BC (36 %), As (19 %) and Br (46 %). Aperin witnessed the highest volume of motor cycles and relatively old vehicles compared to other sites. This is probably why this source was most significant at Aperin for the coarse fraction. On the average, vehicular emission contributed about 7 % to the coarse fraction. Figure 9 shows the pollution rose for all the resolved factors at different locations. Generally, the results show that the local winds were predominantly south-westerly. This is consistent with the result of the back trajectory analysis (Akinlade et al, 2015) . The major elemental species that contributed to the second factor were Mg (53 %), Al (40 %), Si (44 %), K (58 %), Ti (46 %), V (91 %), Mn (58 %), Fe (47 %) and Rb (66 %). The behavior of this factor is in every way similar for both fractions. It is termed locally generated soil because of the presence of some anthropogenic elements. The third factor (copper-rich source) consists of Cu (92 %) and Ni (40 %) as dominant species. This factor also exhibits similar behavior in both fine and coarse fractions. The contribution of this factor to coarse fractions is 8 %.
The fourth factor is made up of strong contributions from Cl (87 %) and Na (57 %).
Other elements contributing to this factor include S (32 %) and Br (25 %). The factor is identified as sea salt. This factor contributed about 13 % to the total coarse PM load of the study area and was only present in the coarse fraction. The direction of the emission from sea salt as revealed by the pollution rose ( Figure 9 ) was predominantly south westerly. This is consistent with the result of HYSPLIT model analysis.
Finally, the fifth factor, continental dust, observed only in the coarse fraction has contributions from Na (35 %), Mg (30 %), Al (51 %), Si (46 %), Ca (55 %), Ti (47 %), Fe (45 %), K (33 %), Mn (37 %) and BC (60 %). The even distribution of this factor across all the sites indicates that the origin was not localized and should probably be majorly due to the contribution of Harmattan dust which has its origin from the Sahara Desert and so it is evenly distributed across the sites. The average contribution of continental dust was 49 %. : Pollution rose using conditional probability function for the coarse fraction fraction of the suspended particulate matter in agreement with Begum et al. (2006) . Figure 11 presents the relationship between the estimated composite variables and the measured PM for both fine and coarse fractions. While there was good correlation between the estimated soil and the PM for both fine and coarse fractions, the sulphate only has good correlation with the coarse PM. The correlation between the estimated salt and the measured PM can be considered poor for both fractions. The sampling locations are about 120 km from the Atlantic Ocean, supposedly to be the source of the sea salt component of the PM. show the annual contribution of the composite variables to the total PM for the fine and coarse fractions, respectively. Suspended soil was responsible for about 73 % of the coarse PM while it was only responsible for 43 % of the fine PM. Black carbon and sulphate contributed 13 and 10 %, respectively to the fine PM and 3%each to the coarse PM. The contribution of salt to the coarse PM (6 %) was slightly higher than that of the fine fraction (5 %). In total, the RCM was able to account for about 85 % of the coarse PM, putting the missing fraction at 15 % while it accounted for just about 68 % of the fine PM, putting the missing fraction at 32 %. This explains why the correlation between the RCM and the measured coarse PM was higher than that between the RCM and the measured fine PM. re-suspended soil particulates were the major constituents of airborne particulate matter over Ibadan, with over 70 % contribution to the coarse mass and over 40 % contribution to the fine mass.
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CONCLUSION
Positive Matrix Factorization receptor model was used for source apportionment of the pollutants measured over Ibadan, Nigeria. Five factors were resolved for both the fine and coarse fractions. For the fine fraction, soil dust, vehicular emission, open burning and copper source were the major sources of fine particulates over the city. Vehicular emission, continental soil, locally generated dust and copper source were the sources identified for the coarse particulates. Generally, the ambient air of Ibadan metropolis was majorly polluted by soil dust. Both locally generated soil dust and continental soil dust contributed 72 % to the total PM load in the coarse fraction and 42 % in the fine fraction. The contribution of emission from open burning was next significant (about 22 %) making the second largest contributor to the pollution level of Ibadan. The contributions from vehicular emission were 16 and 7 % for fine and coarse fractions respectively. Conditional probability function was employed in determining the effect of local meteorology over the measured particulates. Emissions from traffic and open burning were directed from roads and dump sites respectively. This result showed a very good agreement with the result of the Hysplit model which depended on gridded satellite data (reported in earlier work; Akinlade, et al. 2015) Reconstructed mass model was also investigated for a tropical location in Nigeria. Good cor relation existed between the reconstructed mass and the measured fine and 
